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2,602,160 
ECOGNITION SYSTEV[ 
Oscar Lee Wilkins, Wshington, D. C. 
Application September 12, 1942, Seril No. 458,147 
8 Claires. (CI. 3436) 
(Grnted under the ct oî Irch 3, 1883, s 
mended April 30, 1928; 370 O. G. 757) 
This invention relates to a system of radio fre- Fi. 1 is a block diagram of the system, showing 
quency communication, and it is particularly the operation of the land station and the station 
directed fo a method of Secret recognition or on board the friendly craft; and 
identification. Fig. 2 is a schematic diagram of the circuit 
The principal object of the h]vention is to pro-  employed for the frequency dividers shown in 
vide a system or method whereby remOte craft Fig. I. 
may be recognized or identified as friendly or leferring fo Fig. 1 a transmitter  ] is designed 
unfriendly while still remotely located, fo operate ai any designated high-frequency. 
- Another object is fo provide a secret means of The transn%itter  (or carrier wave produced 
identification which annot easily be duplicated I0 thereby) is a.mplitude modulated by  modulator 
or utilized by hostile raft.   at an arbitrary frequency preferably above the 
Another object is fo provide a method of com- audio range,  and for description if wlll be 
munication control by the challenging party assumed fo be 100-kilocycles. The percentage 
which operates fo conïound hostile craït, but in modulation need not be large. The modulator 
no way disturbs the recognition response from I   contains a variable oscillator as the source of 
friendly craft, the modulation frequency. The oscillator may 
Other objects include the utilization of a spe- be Conveniently varied two or three kilocycles, 
cial frequency multiplier or divider circuit in con- although the precise range of the variation is hot 
nection with the system which affords a simple important. The significance of this ability fo 
means of converting the challenging signal and 20 vary the modulation frequency a.t will, will be 
the rec0gniion signal into a form capable of apparent further on. A small part of the .100 kc. 
ready identification, and the provision of visual modulation signal is supplied from the modulator 
mens for identification. :  fo a frequency divider  2, whic h may be of the 
Still other obects of the invention will be multi-vibrator type, a preferred modification of 
pparent from the following description. 25 which is shown in Fig. 2. The frequency divider 
The principle on which this invention is based 2 is locked unshakbly to the modulating fre- 
is the fact that it is virtually impossible to dupli- quency on a sub-harmonic, such as the tenth sub- 
cate the frequency of a given radio wave (or its harmonic, thus producing a ten kc. signal. This 
modulation frequency) by means of a sepa.rate sub-harmonic signal is supplied to a deflection 
g'enerator with such accuracy that there will be 0 circuit (for example the horizontal plates) of an 
no detachable variation in frequency when the oscilloscope 3 which is preferably of the cathode 
two waves are compared, such as by heterodyning ray type. Other sub-hrmonics may be used, but 
or visually by means of an oscilloscope. In ten kilocycles is sufiïciently low to be handled 
applying the principle fo this invention, a chal- efiïciently by the oscilloscope In order to see 
lenging station, called hereina-fter the ground 5 any pattern on the screen of the oscilloscope it 
station-or reference point fo distinguish if from is necessary fo sweep the ten kc. signal on the 
stations aboard moving craft, radiates a signal horizontal defiection circuit with a signal on the 
modulated by a ïïequency which is monitored by vertical defiection circuit. What the frequency 
an oscillosope. This monitored frequency is of this sweeping signal will be and how if is 
received by a friendly plane, ship or other craft 40 derived is as follows: 
a.nd- transmitted back fo the ground station The high-frequency signal modulated af 1GO 
receiver, preferably via a different modulation kc. which leaves the transmitter   is received on 
frequency, Where itis supplied fo the saine oscil- board thefriendly craft by a receiver . From 
loscope for cornparison with the emitted modula- the receiver  the modulation component of the 
tion frequency. A one-cycle difference in on 45 received wave is supplied fo an amplifier  and 
hundred thousand is instantly discernible. Thus then fo a frequency divider . The frequency 
signalsCitted by hostile craft cannot possibly divider $ may be of the same type as the divider 
deceive- the challenging, station unless they con-  , but for the greatest concealment from hostile 
tain the proper carrier frequencies and the mod- forces itis designed to operate af a different sub- 
ulation frequencies involved are identical with 5o harmonic, such as the second sub-harmonic, or 
those se!ected for employed by the challenging 50 kc. This 50 kc. signal remains unshakably 
and responding systems, locked with the 10O kc. modulating frequency of 
In order that the invention may be clearly the trnsmitter  and wfll vary only when the 
understood, a typical embodiment thereof is 00 kc. modulation frequency varies. The 50 kc. 
describcd in detail with reference fo the accom« 55 signal from the divider  is supplied fo a modu- 
pa, nying.dra.wing, in which: lator [ which, in turn, modulates a .high fre- 
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quency carrier radio wave produced by the 
friendly craft's transmitter 18. The frequency 
of this carrier wave is preferably different from 
that generated by the transmitter l0 fo avoid 
inteference. 
The 50 kc. modulated wave from the transmit- 
ter 8 is received by a receiver 0 at the ground 
station and the 50 kc. modulation component is 
supplied to an amplifier {} and then fo another 
frequency divider 2. The frequency divider 
is preïerably designed to operate at the saine fre- 
quency as the derived il, or ten kc., thus reducing 
the modulation signal received from the amplifier 
2fl toits fifth sub-harmonie. The ten kc. signal 
from the frequency divider ! is applied to the 
vertical deflection circuit of the oscilloscope 
thus providing the sweep signal for the ten kc. 
signal on the horizontal circuit. Since the two 
signals on the horizontal and vertical deflection 
circuits are identical a one-to-one figure will be 
produced on the oscilloscope screen. Any phase 
difference caused by the craft's travel ,an be 
ignored or utilized to ,over the rate of change of 
distance of the ,raff relative to the land station. 
I4owever, for frequencies as low as ten kc. such 
a phase shift caused by the movement of the craft 
is extremely Small. 
O course any standard frequency divider cir- 
cuits may be employed in the dividers 2, S and 
2 I, but itis desirable that they be adjusted or 
designed so that there is no self-oscillation in the 
absence of the locking signal. A particularly 
efficient multivibrator circuit of this type is 
shown in Fig. 2. In this circuit the modulation 
signal is supplied fo a tuned transformer 
The output from the transformer 30 is supplied 
in part toa rectifier 3! and filter system consist- 
ing of a condenser 32 and a resistance 33. In 
this manner part of the modulation signal 
appears as a direct current voltage across the 
resistance 33, the negative end of which is con- 
nected to ground. A dual triode vacuum tube 
(or two separate triodes) and associated con- 
densers and resistors are connected together in a 
conventional multivibrator circuit, the operation 
of which is well understood in the art. The 
power £o operate the multivibrator circuit, or 
positive voltage for the plates of the tube 34, is 
obtained by conne,ring the plates, through suit- 
able resistances, to the positive end of the resist- 
ance 33. The locking signal voltage is supplied 
to the multivibrator through a condenser 35 con- 
nected from one side of the transformer 3fl fo a 
grid of the tube 34, and the multivibrator output 
signal is supplied through a condenser 3S, all in 
conventional mariner. In this way the modula- 
tion signal supplied fo the multivibrator serres 
the dual function of locking the multivibrator 
frequency and supplying the power fo run it. 
Thus the multivibrator will hOt operate except 
when the locking voltage is present and if always 
will operate af only the desired frequency. The 
above multivibrator circuit and its operation are 
described and claimed in copending application 
Serial No. 442,340, ffled May 9, 1942, in the naine 
of William A. M, Cool, now Patent No. 2,377,894. 
It is obvious that the modulation frequency 
received on board the ,raff need hot be reduced 

board the craft and returned as a harmonic of 
the modulation frequency of the ground station. 
There is no need fo observe any particular mod- 
ulation wave form, pulse modulation (i. e. over 
 100%) being suitable if its extra trouble is war- 
ranted under unusual conditions. Also fre- 
quency modulation instead of amplitude modula- 
tion may be employed at one or both stations if 
desired. The frequency of the ground station 
10 moduation may be varied at will, and it is pre- 
cisely by varying it at random or unexpectedly 
that a spurious signal from hostile craft ,an be 
 instantly detected, for the hostile ,raff cannot 
follow, the frequency change so exactly as fo 
15 avoid a change in phase between the two signals 
injected into the cathode ray tube. In fa,t, if it 
is believed that the relatively steady modulation 
frequency of an oscillator would be detected by 
hostile craft, other modulation signals having 
.0 complex wave forms may be nsed. Although the 
cathode ray tube, or oscilloscope, will not portray 
the true wave form, due fo the characteristics of 
the frequency dividers, it makes no difference 
because a stationary pattern will be obtained as 
25 long as thefrequencies are the saine af any given 
instant. If it is desired to omit the frequency 
dividers entirely a lower modulation frequency 
should be chosen for the practical reason that 
excessive signal voltages would be necessary to 
30 provide a reasonable sweep in the oscilloscope. 
The invention described herein may be manu- 
factured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
35 thereon or therefor. 
I claire: 
1. lViethod of identifying remote craft as 
friendly or unfriendly which comprises, radiat- 
ing a .first radio wave af a predetermined fre- 
40 quency from a reference point, modulating said 
first radio wave at a first modulation frequency, 
receiving said first radio wave on friendly craft, 
transmitting a second radio wave from said 
friendly craft, modulating said second radio wave 
45 in accordance with the modulation of said first 
radio wave at a second modulation frequency dif- 
ferent from the first modulation frequency and 
harmonically related thereto, receiving said sec- 
ond radio wave af said reference point and indi- 
5O cating the frequency ratio of the modulation fre- 
quencies. 
2. lViethod of identifying remote ,raff as 
friendly or unfriendly which comprises, radiat- 
ing a first radio wave af a predetermined fre- 
55 quency from a reference point, modulating said 
first radio wave at a first modulation frequency, 
receiving said first radio wave on friendly ,raff, 
transmitting a second radio wave from said 
said friendly craft at a frequency different from 
6o the frequency of said first radio wave, modulat- 
ing said second radio wave, controlling the mod- 
ulation freqency of said second radio wave by 
the modulation frequency of said first radio wave 
af a second modulation frequency different from 
65 the first modulation frequency and harmonically 
related thereto, receiving said second radio wave 
at said reference point and indicating the fre- 
quency ratio of the modulation frequencies. 

to a sub-harmonie for re-transmission, but it . 3. Method of identifying remote craft as 
may be used to modulate the craft's carrier wave 70 friendly or unfriendly which comprises, radiat- 
at the saine frequency. There is, however, more ing a first radio wave t a selected frequency 
chance for enemy discovery of the system if the from a reference point, modulating said first 
modulation frequency of the challenging wave is radio wave at a first modulation frequency above 
identical to that of the recognition signal. Also, the audible range, receiving said first radio wave 
the modulation frequency may be multiplied on 75 on friendly craft, transmitting a second radio  
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 enc dff transformng the lower frequency m odula 
 iendly craït ai a ïrequ y .. ,a.nd .... eof into a demodulated signal, .nd 
wave moctlltaçlng s " lation meas nu ....... _ 
' reference point whereby the ïrequency relut e 
tion requency of said seco 
 trolling the oa_,,en n requency of said 5 
raO ve Dy e aou ....... f 
rsç radio wave ai a send motivation ïre- shfl) of tte first modulation ïrecuency and 
quency differenç ïrom the first modulation ïre- demodated signal is indicated. 
7. oEeans as claimed n claire 6 wherein said 
quency and bar ...... ai said re£erence point indicating means comprises reducing means for 
mocally related thereto, receiv- requency and 
.  fllO Wvw 
anamamaçm said demodulated signals to sub-harmonics oï 
cies the saine ïrequency and a cathode ray tube co- 
tion freque.,e ïor identiïying remot, cït eating with said reducing means to produce 
as frienY or unfrieud!é  
from u reïerence point, mens for modulating meuns comprsng  purny 
a first radio wave ai a p - 15 
dio wave ai a first motivation ïre- circ and high ïrequency recréer circuits, 
said first fa ..... -craït for receiving said wherein one rectifier circuit is connected to 
quency, means on OErmu,« , ceive first modation frequency signals and .an- 
st radio wave, means on said crat for truns- 
econd radio wuve, means for modu- other rectifier circuit is connected to receive de- 
mitting  s ...........  ccordance with 20 modulted signals whereby said mtivibrutor 
lating suid secona raam w .... a circuits are supplied with power  osciute syn- 
the modation of sid st radio wave ut u sec- 
ond modulation frequency different from the first chronized to a sub-harmoc of the upplied sig- 
modtion frequency nd hurmocally related nal only during the rime that the correspond- 

thereto, means ai said reïerence point for receiv- 
ing said second radio wave, and means for 
dicating the frequency ratio of the modulation 
frequencies of said radio waves. 
5. In a system for identiïying remote craït as 
ïriendly or unïriendly, means for radiating 
first radio wave a-t a predetermined frequency 3O 
from a reïerence point, means for modulating 
adio wave ai a first modUlation ïre- 
said first r - -- -iendlv craït for receivin.g, said 
quency, mean u   . " 
first radio wave, means on sald craït for ooaln- 
odulation ïrequency of the received 35 
ing the m ...... e signal means on sald 
for transmitting a second radio wave ai a fre- 
 erent ïrom the ïrequency of said first 
quency df[ ..... cor modulating said second 
radio wav , =--- wt the separate mg- 40 
radio wave in accoruno ..... h 
nul ut u second modution ïrequency dierent 
from the st modution ïrequency nd hur- 
monicY reluted thereto, meuns ut sid refer- 
ence pot for receiving sd second rudio wuve, 
und meuns Tor indicuting the frequency rtio 
the modution frequenc[es. 
6. In  system for identiïying remote crït 
us friendly or uoEriendly, meuns for rdiuting 
rst rudio wuve ut u predetermined ïrequency 
from s reTerence pot, st modulting meuns 
cooperuting with suld meuns for rudiuting where- 
by sud st rudio wuve is moduted 
modution frequency, receiving meuns on 
OEriendly remote crufh for receiving sid rst 
rdio wuve und truforming the modulution 
thereof into s lower frequency modulution hur- 
monoEEcHY reluted to the st modulution fre- 
quency, trunsmittg meuns on suid cruït for 
rsdsting s second rudio wuve ut 
ferent from the Trequency oT suid first rudio wuve, 60 
sond moduting meu cooperuting with suid 
receiving meu und suid trumitting meu 
whereby suid second rudio wuve is moduted 
ut s ïruency controHed by the lower ïre- 
quency modution, receiving meuns ut sud ref- 65 
erence point for receng suid second rudio wuve 

ing rectifier receives a signal. 
. In a system for identifying remote craït as 
riendly or unïriendly, means for emitting ai 
first locality a first carrier wave modulated with 
a first signal, remote receiving means adapted 
to be installed on a ïriendly craït for intercept- 
ing the first carrier wave, first frequency altera- 
tion means connected to the output of the 
more receiving means for producing a second sig- 
nal harmonically related to the first signal, a 
carrier frequency generator connected fo the 
output of the first frequency alteration means 
operative to produce a second carrier wave modu- 
lated with the second signal, means at the first 
locality for receiving the second carrier wave 
and reproducing the second signal, second 
quency alteration means connected to the out- 
put of the last named means operative to derive 
a third signal harmonically related to the second 
signal, third frequency alteration means ai the 
first locality connected to the first named means 
operative to derive from the first signal a fourth 
45 signal ai the saine frequency as the third signal, 
and means connected to the outputs of the sec- 
ond and third frequency alteration means op- 
erative to indicate the ïrequency ratio. 
50 O. LEE WILKINS. 
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